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Abstract 
Superconductive insertion devices (IDs) allow higher fields for a given gap and period length compared to the 
classical permanent magnet IDs. This technological concept enables an increase in the brilliance and/or the photon 
energy. The workhorse for superconducting magnets are multifilament NbTi wires, which are nowadays also used for 
superconducting insertion devices. Even higher magnetic fields can be reached by using a conductor with enhanced 
critical current density. 
 Here, we propose a possible application for superconducting undulators, wound with NbTi wire with artificial 
pinning centers, developed by SupraMagnetics, Inc. We report the critical current characteristic, Jc(B), of a short wire 
measured in a liquid helium bath, and the load-line of a racetrack coil, designed to simulate the field configuration on 
the conductor as in a superconducting undulator. Based on the measured load line, we report on the simulations of the 
magnetic field on axis and of the spectrum in a third generation light source of a possible undulator wound with a 
wire having similar properties to the measured one. 
 
© 2011 Published by Elsevier Ltd. Selection and/or peer-review under responsibility of Horst Rogalla and 
Peter Kes. 
Insertion devices; superconducting undulator; NbTi; artificial pinning centers 
1. Introduction 
In order to produce high brilliant X-ray beams, storage rings and linacs make use of insertion devices 
(IDs). The state of the art available today for IDs is the permanent magnet technology with magnet blocks 
placed inside the vacuum of the storage ring. Following an initial proposal at SPRING8 [1], the concept of 
cryogenic permanent magnet undulators (CPMU) is presently being considered as a possible evolution of 
in-vacuum undulators (IVU) [2-5]. Superconducting undulators can reach higher fields for the same gap 
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and period length, even with respect to CPMU devices, allowing enhancement of the spectral range and 
the brilliance. 
The workhorse for superconducting magnets are multifilament NbTi wires, which are nowadays also 
used for superconducting insertion devices. We investigate here the possible application of a conductor 
with enhanced critical current density, as the NbTi wire with artificial pinning centres (APCW), 
developed by SupraMagnetics, Inc. [6]. 
In section 1 we describe the main characteristics of the APCW and in section 2 the design and 
measurements of a small racetrack coil, whose design has been chosen to simulate the load-line of an 
undulator. Finally, we present the increased performance in terms of brilliance in a third generation light 
source that a superconducting undulator using an APCW would bring. 
2. NbTi wire with APC 
The APCW has an outer diameter of 0.31 mm including insulation (30 ȝm), a copper to superconductor 
ratio of 2.125 and counts 37 filaments with diameter of 21 ȝm. An optical microscope image of its 
transverse cross section is shown in figure 1a. We could use for our test only 7m of wire. Part of the 7 m 
was used to measure the critical current of the APCW in the JUMBO facility at ITEP [7].  The results are 
presented in the next section in figure 2 (green line). 
3. Small racetrack coil design and measurement 
Figure 1b shows a sketch of the racetrack coil used to simulate the load line of an undulator with 15 
mm period length (figure 1c). The dimensions of the racetrack coil are shown in table 1. The yoke of the 
racetrack coil shown in figure 1b, is made of C10E steel (grey part) and of G10 material (light green 
parts). A 300 mm thick layer of G10 was placed at the bottom of the groove. The initial idea was to wind 
 
Figure 1. a) Optical microscope image of a transverse cross section of the NbTi APCW. b) Model of the half-filled racetrack.  c) 
Sketch of the undulator geometry.
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to fill the remaining space of the groove with APCW completely, but as not enough wire was available, 
just half of the groove was filled, as shown in figure 1b. The construction of the racetrack coil was carried 
out at the ITEP. 
 
The critical current of the racetrack coil has been measured in the facility JUMBO at different external 
magnetic fields ranging from 0.5 up to 8 T. The external magnetic field was perpendicular to the racetrack 
plane, as shown in figure 1b. The quench current density of the groove of the racetrack coil compensated 
for the self field is plotted in figure 2 (red crosses). 
The load lines computed with the finite elements software Opera3D [8] of the coil half filled (red), 
fully filled (orange) and of the undulator (blue) are shown in figure 2. Here they are compared with the 
groove engineering critical current density for the APCW (green) and with the groove engineering critical 
current density for a standard NbTi wire (black). The green dotted line in figure 2 is 70% of the groove 
engineering critical current density for the APCW. The intersection of this line with the load line of the 
undulator gives the working point of the undulator at 4 K with 30 % safety margin. 
In order to measure the magnetic field in the y direction, a Hall probe was located 3 mm above the 
centre of the middle pole of the racetrack as indicated in figure 1b by the red cross. In figure 3 the 
simulated field across the racetrack (along z line indicated in figure 1b) is compared with the measured 
field in JUMBO after having removed the applied external field. 
 
 
Figure 2.  The measured groove critical current density of standard NbTi wire, short APCW and racetrack coil are shown. The 
simulated load lines (LL) of the racetrack coils R1 and R2 as well as the one of the undulator plus working point are also plotted.
Table 1.  Dimensions of a half- (R1) and a fully-filled (R2) racetrack 
coil and the yoke. 
Table 2.  Dimensions of the groove of the undulator with 
15 mm period length. 
 
 R1 R2 
Inner radius of racetrack coil [mm] 1.8 1.8 
Straight part of racetrack [mm] 16 16 
Groove width [mm] 3.9 3.9 
Groove depth [mm] 3.55 3.55 
Number of coil turns 67 127 
 
Groove width [mm] 3.9 
Groove depth [mm] 4.43 
Number of coil turns 192 
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The peak magnetic field on axis for the APC NbTi wire undulator calculated with OPERA 3D using 
geometry described in table 2, C10E steel as a yoke material and a groove engineering current density of 
1500A/mm2 (value of the crossing point of the load line with 70% of the groove engineering critical 
current density of the APCW) is shown in figure 4 for a magnetic gaps of 6 and 8 mm (Bmax = 1.46 and 
0.95 T respectively). 
4. Brilliance 
Here the performance that could be reached by a superconducting undulator with 15 mm period length 
built using an APCW with the characteristics as reported in the previous sections was studied. The 
brilliance of this undulator was compared with the one of a superconducting undulator with the same 
geometry and same yoke material (C10E steel) built using standard NbTi wire and the competing 
technologies (see figure 5). The comparison was performed using the same magnetic length of 2 m 
(product of N and Ȝu) and the same vacuum gap of 5 mm.  The following storage ring parameters have 
been used: beam energy E = 3 GeV, beam current I = 300 mA, energy spread 'E/E = 0.1 %, horizontal İx 
= 2.67 nm rad and vertical İy = 0.027 nm rad emittance, horizontal ȕx = 4.8 m and vertical function ȕy = 
1.43 m. Table 3 shows that the APC NbTi wire undulator could reach a K = 2 allowing the superposition 
of the first and third harmonics, as demonstrated in figure 5. 
 
 
 
Figure 3.  Field profile (green line) of the racetrack coil along 
z-axis located at 3 mm above the poles (y dir.) and measured 
point (red cross). 
Figure 4.  Field profiles of the undulator with engineering groove 
current density of 1500A/mm2 for gap of 8mm (red) and of 6 mm 
(green). 
Table 3. Parameters used to calculate the brilliance of undulators to be realized using different technologies. 
 
 IVU 
[9] 
CPMU 
[10] 
SCU 
NbTi 
wire 
SCU  
APCW 
[6] 
λu [mm] 19 17.7 15 15 
N 105 112 133 133 
gap [mm] 5 5.2 6 6 
B [T] 0.86 1.04 1.2 1.46 
K 1.53 1.72 1.7  2.05 
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5. Conclusions and outlook 
A preliminary study on the application of APCW in superconducting undulators has been presented 
here. Such a wire would enable a 15 mm period length undulator with 30% margin from the critical 
current density measured at 4.2 K, with a K = 2 at a magnetic (vacuum)  gap of 6(5) mm, allowing full 
tunability of the undulator. A thicker wire is expected to be produced by SupraMagnetics, Inc. More tests 
will follow as soon as this wire becomes available. 
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Figure 5. Comparison of the tuning curves calculated with SPECTRA [11] of different undulators with the parameters as in Table 3. 
